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TTO NITRIDE LINER FOR IMPROVED 



COLLAR PROTECTION AND TTO RELIABILITY 



CROSS REFERENCE TO RELATED APPLICATION: 

The present application is a divisional of copending application Serial No. 09/832,605 
filed on April 1 1, 2001, the entire contents of which is incorporated herein by its 
reference. 

BACKGROUND OF THE INVENTION 

Field of the Invention 

The present invention relates to semiconductor devices, and more particularly, to a trench 
top oxide (TTO) nitride liner for improved collar protection and TTO reliability in 
trench-capacitor vertical dynamic random access memory (DRAM) cell array devices. 

Discussion of the Prior Art 

A processing scheme employed in forming the above-described vertical DRAM cell 
arrays is described in detail in commonly-owned, co-pending U.S. Patent Application No. 
09/777,576 entitled STRUCTURE AND METHOD FOR A COMPACT TRENCH- 
CAPACITOR DRAM CELL WITH BODY CONTACT the contents and disclosure of 
which are incorporated by reference as if fully set forth herein. Described now with 
reference to Figures 1(a)- 1(f) are the various processing steps for forming vertical 
DRAM cell arrays. As shown in Figure 1(a), there is depicted an initial structure that is 
employed in fabricating a vertical DRAM cell array. Specifically, Figure 1(a) shows an 
array portion of the structure that includes Si-containing substrate 10 having a material 
stack comprising an etch stop pad layer 12 and a hard mask 14 formed thereon. The 
substrate may include well regions 1 1, or the well regions may be formed later in the 
process. 
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The structure shown in Figure 1(a) is made from conventional materials that are well 
known to those skilled in the art and conventional processes also well known in the art 
are employed in fabricating the same. For example, etch stop pad layer 12 may be 
composed of an oxide such as SiC>2 and is formed on a surface of Si-containing substrate 
utilizing a conventional thermal growing process and thereafter hard mask 14, e.g., SiN, 
is formed on etch stop pad layer 12 by a conventional deposition process such as 
chemical vapor deposition (CVD), plasma-assisted CVD, sputtering, or chemical solution 
deposition. It should be understood that, additionally, a thick oxide layer may be formed 
over the SiN layer to serve as an improved hard mask during subsequent trench etching. 
Further, the thickness of each layer of the material stack may vary. Typically, however, 
the etch stop pad layer has a thickness of about 5 nm or less and the hard mask has a 
thickness of from about 10 to about 1000 nm. 

Next, deep trenches 16 are formed in the structure shown in Figure 1(a) providing the 
structure shown in Figure 1(b). The term "deep trench" is used herein to denote a trench 
whose depth from the top surface of Si-containing substrate 10 is from about 1.0 jam or 
greater. The deep trenches are formed in the conventional manner of opening a trench 
pattern extending through the hard mask, the etch stop pad layer and a portion of the Si- 
containing substrate via lithography and anisotropic etching. Note deep trenches 16, 
which are formed in rows and columns into the Si-containing substrate, are the areas in 
which the storage capacitor and vertical MOSFETs are formed. 

A polysilicon buffered LOCOS (local oxidation of silicon) collar or other like collar 
oxide 1 8 is then formed in a portion of the deep trench, See Figure 1(c). Next, a 
capacitor (not shown in the drawings) is formed in the lower portion of the deep trench 
utilizing conventional processing steps well known to those skilled in the art. Included in 
the deep trench-processing steps is the formation of a buried plate diffusion region (not 
shown) and formation of node dielectric 20 about said buried plate diffusion region. As 
shown in Figure 1(c), node dielectric 20 extends from the lower portion of the deep 
trench to the upper surface of the deep trench and is formed on walls thereof. In the 
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upper portion of the deep trench, the node dielectric serves as an etch stop layer during 
the formation of the buried-strap region. In the lower portion of the deep trench, the node 
dielectric separates the buried plate diffusion region from the deep trench conductor. 

The node dielectric, which is composed of a conventional dielectric material such as a 
layered SiN/SiO structure, is formed by conventional processes such as thermal 
nitridation, CVD, plasma-assisted CVD, sputtering deposition, and the like. The deep 
trench is then filled with deep trench conductor 22 such as polysilicon and thereafter the 
deep trench conductor is recessed by conventional means to a depth which is desired for 
the strap (determines the channel length of the vertical MOSFET; typically of from about 
100 to about 400 nm). The structure containing recessed deep trench conductor 22 is 
shown in Figure 1(d). 

At this point of the process, a strap process, such as described in Radens, et al. "An 
Orthogonal 6F 2 Trench-Sidewall Vertical Device Cell for 4Gb/16Gb DRAM", IEDM 
2000 Tech. Dig., p. 349, is employed in forming buried-strap outdiffusion region 24; see 
Figure 1(e). In the exemplary structure shown in Figure 1(e), a one-sided strap (OSS) 
process is employed to form straps facing each other. It is understood however, that 
other layouts may form straps such that they do not face each other or, are on both sides 
of the trench. That is, other types of vertical MOSFET 3 cells may employ straps on more 
than a single sidewall of the trench. Note that the OSS process does not etch one of the 
collar oxide regions, and on that side of structure is the area in which body continuity 19 
is achieved. Specifically, the buried-strap outdiffusion region is formed as follows: First, 
an oxide layer (not shown) is formed over the recessed deep trench conductor, followed 
by an etch stop liner which lines the node dielectric as well as the oxide layer previously 
deposited and thereafter a polysilicon placeholder material (not shown in the drawings) is 
formed in the upper region of the deep trench covering the exposed portions of the etch 
stop liner. Next, a portion of the polysilicon placeholder material on the side of the deep 
trench where the buried-strap is desired is etched down to the etch stop liner overlying 
the oxide layer at the top of the recessed conductive material. 
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An OSS process is then performed which may include the following processing steps: 
removing a portion of the polysilicon placeholder material using an etch process that is 
selective to the etch stop liner on a side of the deep trench where a strap is to be formed; 
removing the exposed collar oxide by utilizing an isotropic oxide etching process; 
removing portions of the etch stop liner and the node dielectric that are not protected by 
the remaining region of the polysilicon placeholder material; removing the remaining 
polysilicon placeholder material; opening a portion of the oxide layer over the deep 
trench polysilicon not covered by the etch stop liner; continuing the oxide etching so as 
to form a divot in the top collar oxide at approximately the top level of the deep trench 
conductor; and filling the divot with a conductive material such as doped polysilicon so 
as to provide a bridge between the deep trench conductor and the wall of the trench. 
During a subsequent annealing step, dopant from the divot filled region diffuses forming 
buried-strap outdiflfusion region 24. The divot filled collar oxide region is labeled as 26 
in the drawings. Note that on the remaining wall portion of the structure not containing 
buried-strap outdiffusion 24 and divot filled collar oxide region 26 is an "intact" collar 
oxide region 1 8, both directly beneath the divot filled region 26 and also on the wall not 
having a strap which extends all the way to the etch stop pad layer 12. The intact collar 
oxide serves to electrically isolate body region 19 from trench capacitor 22. 

As is also shown in Figure 1(e), trench top oxide (TTO) 28 is formed on all horizontal 
surfaces including deep trench conductor 22 and divot filled collar oxide region 26 
utilizing conventional deposition processes such as high-density plasma-assisted 
deposition and thereafter a conventional resist recess process is employed to remove the 
trench top oxide from top surfaces of the structure. A sacrificial oxide layer (not shown) 
is next formed and stripped utilizing conventional lithography and etching and gate 
dielectric 30 such as an oxide is formed on the exposed walls of the upper portion of the 
deep trench. The gate dielectric is formed utilizing any well-known process such as 
thermal oxidation of silicon or by nitridation of an oxide and thereafter, a gate conductor 
32 such as doped polysilicon is then formed on top trench oxide 28. The structure 32 is 
then planarized to hard mask 14 and thereafter, as shown in Figure 1(f), the gate 
conductor 32 is recessed utilizing a conventional recessing process. Alternatively, a 
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deposited gate dielectric, such as by CVD or ALD (atomic layer deposition), may be 
formed. The recessed gate conductor 32 is then capped with CVD oxide 34, using well 
known conventionally practiced processes. 

It is the case that during the stripping of the sacrificial oxide layer at the exposed walls of 
the upper portion of the deep trench, portions of the TTO for protecting the collar and 
strap regions are at risk, with excessive etching possibly causing collar loss at the sides, 
edges and top, and moreover, loss of the doped polysilicon divot. 

It would be highly desirable to eliminate collar oxide loss and loss of the doped 
polysilicon divot that may result from such sidewall etching. 

It would be further highly desirable to enhance the degree of electrical isolation between 
the formed gate conductor and the capacitor electrode (deep trench conductor) in such a 
trench-capacitor vertical dynamic random access memory (DRAM) cell array device. 

Additionally, it would be highly desirable to enable a thinner isolation region between the 
gate conductor and the capacitor electrode, to thereby assure the required overlap 
between strap diffusion and the gate conductor. 

SUMMARY OF THE INVENTION 

It is thus an object of the present invention to provide a TTO nitride liner for improved 
collar protection and polysilicon divot protection and TTO reliability during sidewall etch 
steps in trench-capacitor vertical dynamic random access memory (DRAM) cell array 
device processing. 

It is another object of the present invention to enhance the degree of electrical isolation 
between the formed gate conductor and the capacitor electrode (deep trench conductor) in 
such a trench-capacitor vertical dynamic random access memory (DRAM) cell array 
device. 
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It is yet another object of the present invention to enable fabrication of a thinner isolation 
region between the gate conductor and the capacitor electrode (deep trench conductor) in 
such a trench-capacitor vertical dynamic random access memory (DRAM) cell array 
device, to thereby assure the required overlap between a strap diffusion and the gate 
conductor without compromising breakdown reliability. 

It is a further object of the present invention to provide flexibility in the TTO deposition 
process. 

In accordance with the teachings herein, there is provided a structure and method of 
forming a DRAM cell array comprising the steps of: 

(a) forming a plurality of deep trenches in an array portion of a Si-containing substrate 
having at least a hard mask formed thereon, said plurality of deep trenches being 
arranged in rows and columns and including at least collar oxide regions formed on walls 
thereof and a recessed deep trench conductor formed between said collar oxide regions 
and defining a capacitor electrode for a DRAM cell; 

(b) forming a buried-strap outdiffusion region within a portion of the wall such that the 
portion partially encircles the wall; 

(c) forming a nitride liner layer above a horizontal surface of the deep trench conductor 
and enclosing exposed sidewall and collar oxide regions; 

(d) depositing top trench oxide (TTO) layer above the formed nitride liner layer; 

(e) performing TTO sidewall etch to remove TTO oxide which has been deposited on the 
vertical sidewalls and collar oxide, the nitride liner acting to protect the collar oxide layer 
from being etched; 
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(f) performing nitride liner etch to remove the portion of the TTO nitride liner which is 
exposed after TTO oxide removal; and, 

(g) forming a vertical MOSFET by growing a gate dielectric on exposed walls of the 
deep trenches and forming a gate conductor above the TTO oxide layer within the walls 
of the deep trenches lined with the gate dielectric, wherein the formed TTO layer having 
underlying nitride liner eliminates possibility of TTO dielectric breakdown between the 
gate conductor and the capacitor electrode of a DRAM cell. 

The deposition of a thin nitride liner just before TTO (Heavy Deposition Plasma) HDP 
deposition according to the invention functions to protect the collar oxide from being 
etched during the TTO oxide sidewall etch and provides additional lateral etch protection 
which is not realized in current processing schemes. 

The process sequence does not rely on previously deposited films for collar protection, 
such as the Cut Mask (CM) nitride in the current processing scheme -POR (Process of 
Record). This decoupling of TTO sidewall etch protection from previous processing 
steps provides additional process flexibility, such as allowing a thinner CM nitride and 
greater nitride etching during node nitride removal and buried strap nitrided interface 
removal. The sequence allows the complete removal of the CM nitride before buried 
strap poly deposition, thereby eliminating the possibility of trapped poly under the CM 
nitride along the remaining collar which is a serious concern in the current process. 

Advantageously, the system and method of the invention eliminates the possibility of 
TTO dielectric breakdown between the gate and node electrode of the formed trench- 
capacitor in a vertical dynamic random access memory (DRAM) cell array device. 

BRIEF DISCRIPTION OF THE DRAWINGS 

The foregoing objects and advantages of the present invention may be more readily 
understood by one skilled in the art with reference being had to the following detailed 
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description of several preferred embodiments thereof, taken in conjunction with the 
accompanying drawings wherein like elements are designated by identical reference 
numerals throughout the several views, and in which: 

Figures 1(a)- 1(f) are cross-sectional views of the conventional vertical DRAM cell array 
through various processing steps. 

Figures 2(a)-(f) illustrates the process step of depositing a TTO nitride liner before 
depositing a TTO HDP oxide according to the invention. 

Figure 3 is a detailed illustration of the resulting channel structure when optional 
sacrificial oxide layer 60 is formed prior to nitride liner deposition 50. 

Figure 4 is a detailed illustration of the resulting structure after the TTO sidewall nitride 
etch is performed and assuming no sacrificial oxide had been previously deposited. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Referring to the drawings in detail, Figure 2(a) - 2(h) depict the TTO nitride liner process 
and resulting structure 49 for the trench-capacitor vertical dynamic random access 
memory (DRAM) cell array device having improved TTO reliability according to the 
present invention. 

Referring to Figure 2(a), after forming the one-sided buried strap and divot 26 and collar 
18 in the device recess with the pad nitride 14 still in place, and prior to forming the 
trench top oxide (TTO) (in the deep trench of Figure 1(e)), a TTO nitride liner 50 is first 
deposited in the trench recess 16 that remains in the upper portion of the trench for 
protecting the exposed deep trench sidewalls and particularly the exposed collar oxide 
layer 18. This nitride liner may be SiN or other like nitride material deposited to a 
thickness ranging from 1 .0 nm - 10.0 nm using a known conformal process before 
depositing the TTO (High Density Plasma) HDP oxide. 
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As discussed in greater detail herein with respect to Figure 3, an optional step is provided 
whereby a sacrificial gate oxide layer is first grown prior to depositing the TTO nitride 
liner 28. Alternately, the sacrificial oxide may be grown and removed away after the 
nitride liner is removed from the channel region just before gate oxidation. 

Figure 2(b) illustrates the deposition of the TTO HDP oxide 28 (using non-conformal 
deposition process, for example) over the TTO nitride liner 50. Figure 3 is a detailed 
illustration of the resulting channel structure if optional sacrificial oxide layer 60 is 
formed prior to nitride liner deposition 50. As known to skilled artisans, sacrificial oxide 
layer thickness may vary depending upon the formation process and the oxide material. 
According to the invention, the optional sacrificial oxide layer thickness may range 
anywhere from about 2.0 to 20.0 nm. 

Afterwards, as depicted in Figure 2(c), a TTO sidewall etch is performed to remove the 
excess TTO HDP oxide which has been deposited on the vertical sidewalls and collar 
oxide 1 8. This process step may implement a standard isotropic wet etch that is selective 
to the TTO nitride liner 50 which functions to protect the remaining collar oxide 18 from 
being etched directly and laterally from around the sides. 

In the next processing step as depicted in Figure 2(d), the portion 51 of the TTO nitride 
liner which is now not covered by the TTO HDP oxide 28 is removed. This nitride etch 
need only be selective to oxide in the case where a sacrificial oxide layer is used under 
the liner. It would be selective to oxide and silicon in the case where no sacrificial oxide 
is used under the liner. Figure 4 is a detailed illustration of the resulting structure after 
the nitride etch is performed and assuming no sacrificial oxide had been previously 
deposited. This is the structure that results prior to gate poly (a- Si) formation in the deep 
trench 16. It should be understood that the resulting DRAM cell structure having an SiN 
(nitride layer) 50 under the TTO reduces possibility of TTO dielectric breakdown 
between the formed gate and capacitor node (deep trench) electrode 22. 
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Figure 2(e) illustrates that if sacrificial oxide layer 60 was grown under the TTO nitride 
liner, it is now removed and the gate oxide 70 grown. If no sacrificial oxide layer had 
been formed under the nitride liner 50, it is now grown and etched just prior to gate 
oxidation. If no sacrificial oxide is used, the gate oxide is grown after removing the TTO 
nitride (and buried strap nitride interface) from the deep trench 16. 

After growing the gate oxide 70, the gate conductor polysilicon (or a-Si) deposited as 
described herein with respect to Figure 1(f). Figure 2(f) illustrates removal of the excess 
gate poly and the TTO HDP oxide 28 on the top of the pad nitride 14 down to the level of 
the pad nitride. The gate poly 70 and the TTO HDP 28 on the pad nitride 14 are removed 
by any of the techniques discussed in commonly-owned, co-pending United States Patent 
Application Serial No. 09/675,435, entitled AN EXTENDIBLE PROCESS FOR 
IMPROVED TOP OXIDE LAYER FOR DRAM ARRAY AND THE GATE 
INTERCONNECTS WHILE PROVIDING SELF- ALIGNED GATE CONTACTS the 
whole contents and disclosure of which is incorporated by reference as if fully set forth 
herein 

Figure 2(g) illustrates the next step of removing the pad nitride 14 by stripping it away 
selective to the gate poly 12 leaving poly pillars 80 extending above the silicon surface, 
as discussed in co-pending United States Patent Application Serial No. 09/675,435. An 
optional Contact to Bitline (CB) etch-stop liner may also be deposited on the substrate 
surface at this stage in the process. This liner could be selectively removed from the tops 
of the poly-Si after the top oxide is deposited and planarized down to expose only these 
top surfaces. 

Figure 2(h) illustrates that finally the HDP oxide 90 is deposited over the poly pillars, and 
the top oxide HDP is removed (e.g. polished) down to the tops of the poly pillars, as 
discussed in co-pending United States Patent Application Serial No. 09/675,435. 

The deposition of a thin nitride liner just before TTO HDP deposition according to the 
invention functions to protect the collar oxide enclosed by the liner from being etched 
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during the TTO oxide sidewall etch and provides additional lateral etch protection which 
is not realized in current processing schemes. 

Collar oxide loss is also protected at the top due to cut mask CM nitride loss during the 
pad nitride strip since the liner is freshly applied just before TTO HDP deposition. 
Essentially, collar protection is decoupled from previous processing (e.g. CM nitride 
liner) for added process flexibility (e.g., allows thinner CM nitride which may be stripped 
away earlier to prevent trapped buried strap poly, and also allows restoration of node and 
buried strap interface nitride strip steps). 

Nitride liner is easily removed from the top surface when combined with method 
disclosed in co-pending United States Patent Application Serial No. 09/675,435 to avoid 
complications with CB etch. 

While several embodiments and variations of the present invention for a TTO Nitride 
Liner for improved collar protection and TTO reliability are described in detail herein, it 
should be apparent that the disclosure and teachings of the present invention will suggest 
many alternative designs to those skilled in the art. 
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